EXP~.RI~ENXAL OBSERVATIONS
The same methods are employed in all these experiments as have been described in the preceding papers. We refer to Tables 22, 23 and 24 in Paper 1I as they give evidence of value to show an increased tolerance for mercury in dogs which had received numerous hemoglobin injections. Table 22 is of especial interest as this dog tolerated a dose of mercuric chloride of 4 rag. per kilo with but slight injury to the tubular epithelium. Table 24 also shows a dog which tolerated a dose of 2.5 rag. per kilo without evidence of any tubular injury and with no albuminuria. In our experience with control stock dogs (no III. HEMOGLOBIN 
INJECTIONS
hemoglobin injections) a dose of mercuric chloride of 1.5 or 2.0 mg. per kilo is fatal with the typical picture of a mercury nephrosis (Tables  33 and 34) . Table 31 presents average findings. This dog had received 43 hemoglobin injections previous to this experiment and we may be sure had abundant iron containing pigment in the renal tubular epithelium. The dog tolerated 1.0 and 1.5 rag. mercuric chloride per kilo without any clinical disturbance. The renal threshold values relate to Paper II. The last injection of 3.0 rag. per kilo caused death only after 8 days and this dose was surely a minimum lethal dose for this dog. He came very close to recovery and reparative processes were active in the kidney at time of autopsy.
Dog 30-38, Table 31 . Dog died 8 days after a large dose (3 nag. per kilo) of mercuric chloride and autopsy was done at once. The usual stomatitis was present but there were no lesions of the gastrointestinal tract either gross or microscopic. The findings are of no interest for this experiment except the kidneys which appear grossly normal. Histological sections show that this injury was minimal to cause death and this dog came very close to recovery. The amount of massive hyaline necrosis of convoluted tubular epithelium is considerable but not compara-ble to the controls. Very many convoluted tubules show active repair. Some tubular epithelium shows much fat. Hyaline casts are fairly numerous and some of these hyaline areas contain calcium salts which give a dark blue stain. Pigment is moderate in amount and is found in necrotic epithelium and hyaline material as well as in residual epithelium. The new formed epithelium obviously contains no pigment. The glomerular tufts are normal. The collecting tubules showy casts but normal epithelium.
A control experiment was done at the same time under identical conditions. Dog 29-114, Table 33 . Dog died 3 days after the second small dose (1.5 nag. per kilo) of mercuric chloride and was autopsied at once. The kidneys were relatively normal in gross. Histological sections present the usual picture of a bichloride Table 34 ). There are some calcium deposits in the necrotic hyaline material within the convoluted tubules. The epithelial injury within the tubules is extreme. The glomendar tufts are normal. Table 32 shows a somewhat different experiment. This dog tolerated doses of 2.0 and 3.0 rag. mercuric chloride per kilo with but slight albuminuria. The observations on the renal threshold for hemoglobin concern Paper II. The dog was then rested from hemoglobin injections for 2 months during which time blood (100 to 200 cc.) was removed from the jugular vein about twice a week. This bleeding reduced the red cell hematocrit from the normal level of 40 per cent to levels between 20 and 30 per cent. This moderate anemia was main-ni. HEMOGLOBIN INJECTIONS tained with the expectation that the iron containing pigment in the tubular epithelium might be removed. This pigment did decrease markedly but small amounts were present at time of autopsy. After this 2 month period of anemia the dog was again tested with 3 rag. mercuric chloride per kilo and gave a response practically identical with that noted prior to the anemia interval. The tubular epithelium was as before more tolerant to mercury than the control (Dog 30-279, Table 33 ). The preceding period of injury and repair may be a factor Table 24 , Dog 29-297) in which the anemia period was longer and the pigment deposits completely exhausted. This dog 29-297 then was somewhat less tolerant to subsequent injections of mercury.
Dog 29-108, Table 32 . Dog was given gas and killed 6 days after the 3 rag. dose of mercuric chloride. Autopsy was performed at once. The gross findings are normal. Histological sections show in general normal renal tissues which would differ only slightly from that of normal stock dogs. There is no evidence of injury and repair of the convoluted tubular epithelium so that the injury must • have been slight and completely repaired during the 6 day interval between the mercury injection and the death of the dog. Pigment is present in small amounts as very fine grains in the epithelium of the tubules in the renal cortex. The glomerular tufts are normal. The collecting and other tubules show occasional hyaline casts.
A control experiment for Dog 29-108, Table 32 , was done at the same tim e under identical conditions. Dog 30-279, Table 33 . Died 5 days after the second dose (2 mg. per kilo) of mercuric chloride. The dog died at night ~.nd autopsy was done the next morning. The findings are of no significance except for the kidneys which in gross were normal. Histological sections show the usual picture of bichloride nephrosis with extensive necrosis of tubular epithelium as noted below, Dog 29-303, Table 34 . There is a moderate amount of postmortem autolysis. Table 34 . Autopsy done at once after dog was given gas and killed. The organs in gross present nothing of interest. The kidneys appear normal except for some pigmentation. Histological sections in general are normal as far as the glomeruli and tubular epithelium are concerned. The tubular epithelium is pigmented and contains fine yellow granules noted in almost every tubule in the cortex. The epithelium of the collecting tubules shows no pigment but a few casts are noted. A few con.voluted tubules show hyaline masses, evidence of a recent necrosis and injury which is being repaired by the epithelium. The amount of injury done the tubules by the dose of mercuric chloride 5 days previously is certainly slight and has been practically completely repaired. Compare this with the control dog 29-303 done at the same time with a smaller dose of mercuric chloride and lethal result in 5 days.
Dog 29-303, Table 34 . This dog was prostrated and obviously close to death. He was given ether and killed. Autopsy was done at once. The kidneys are practically normal in gross. Histological sections present the typical picture of a bichloride nephrosis. The majority of the convoluted tubules show total hyaline necrosis of their lining epithelium, the whole tubule being filled with a pink hyaline mass. Some tubules show some residual epithelium and attempts at repair in progress. The glomerular tufts appear normal. The collecting tubules show casts but no cell injury. There are no deposits of calcium. Table 35 illustrates again the tolerance to mercury which is the rule in dogs which have been given frequent doses of hemoglobin in the weeks preceding the mercury injection. The dog 29-250 tolerated the dose of 2 rag. mercuric chloride per kilo with trivial disturbance. There was only a trace of albumen in the urine and the autopsy 4 days later shows minimal changes in the kidney tissues. Dog 29-250, Table 35 . Dog found dead 2 hours after injection of a rather large dose of mercuric chloride--a death in shock resembling peptone shock. This is 4 days following a standard dose of 2 mg. mercuric chloride per kilo and the histological picture relates to this first injection. The autopsy was done at once and presents the usual changes noted after death from shock. The kidneys were normal in gross except for intense congestion. Histological sections show little change from normal except congestion and a granular swollen epithelium in the convoluted tubules which may be due in part to the shock and tissue absorption of fluid. The glomerular tufts are normal except for congestion. Pigment is abundant in the epithelium of the convoluted tubules and appears as fine grains of yellow pigment obviously related to the frequent hemoglobin injections. Some mitotic figures are seen in the epithelial cells of some convoluted tubules and this may signify a reparative process. At any rate the renal tissues are practically normal and the repair from the mercuric chloride injury is complete. and in the first part of the period he was given a good many hemoglobin injections. Then came a rest period of 1 month followed by 8 injections of hemoglobin.. Then came a rest period of 2 months followed by 11 injections of hemoglobin which immediately preceded this experiment in Table 36 . A dose of 2 mg. mercuric chloride per kg. caused a fatal renal injury with death on the 6th day. Either these hemoglobin injections gave this dog no protection or he was unusually susceptible to mercury. The hemoglobin injections immediately preceding this experiment are much less in number than was true for the other dogs which gave evidence of tolerance for mercuric chloride.
Dog 29-258, Table 36 . Death took place on the 6th day after the mercury injection and the autopsy was done at once. The anatomical findings other than those in the kidneys do not concern these experiments. The kidneys were normal in gross. Histological sections show the familiar picture of a bichloride nephrosis. The epithelial destruction is complete in many tubules and severe in others where much fat is noted. The evidences of epithelial regeneration are conspicuous. Pigment is found in small amounts and in fine grains in a few of the tubules. Some of the damaged epithelium contains fine grains of yellow pigment. The glomerular tufts are normal. Casts are everywhere numerous. There are no deposits of calcium.
DISCUSSION
In normal stock dogs we find that mercuric chloride administered intravenously as described will cause a fatal renal injuryin small doses of 1.5 to 2.0 mg. per kilo. Some of these observations are given in Tables  33 and 34 . This minimum lethal dose is somewhat below that recorded by Sansum (3) and Haskell, Hamilton and Henderson (1).
When normal dogs have been given frequently repeated (40 to 80 times) intravenous injections of dog hemoglobin in amount close to the renal threshold values, we note an accumulation of yellow granular pigment in the epithelial cells of the convoluted tubules (Paper IV). Coincident with this the dog becomes somewhat resistant to mercuric chloride and will tolerate the normal minimal lethal dose with little if any evidence of injury of the tubular epithelium--in fact some dogs will tolerate 3 to 4 mg. per kilo with little evidence of renal injury. Large doses of mercuric chloride uniformly cause fatal renal injury.
We may choose to believe that this pigment material neutralizes in part the mercuric salt and renders it much less toxic to the tubular epithelium. Or we may say that this epithelium is so stuffed with pigment material that it does not take up the mercury as promptly or completely and therefore the epithelium escapes severe injury. Whatever our explanation this tubular epithelium reacts differently to minimal lethal doses of mercuric chloride. This is an illustration of the fact that slight changes in cells may modify considerably their reaction to poisons or stimuli of various sorts. These changes are within physiological limits and we cannot say that the tubular epithelium is actually injured by this deposit of pigment and related materials because renal function goes on quite normally. Moreover this pigment will disappear during resting periods especially if anemia due to bleeding is produced. Evidently this whole process of pigment conservation is within the normal range of the physiological capacities of the tubular epithelium. This reaction is of the order of that observed by MacNider (2) who noted that after a sublethal dose of uranium the dog renal tubules repaired this injury with epithelium that in places was somewhat different from normal. Subsequently he observed that these kidneys are more tolerant to uranium poisoning.
SUMMARY
Frequent injections of superthreshold amounts of dog hemoglobin will cause deposits of pigment material in the renal tubular epithelium. When this has happened this dog will survive minimal lethal doses of mercuric chloride with little evidence of renal injury. In fact some dogs will tolerate twice the minimal lethal dose without severe reaction.
There is no evidence that continued injections of dog hemoglobin in these amounts will cause any injury or functional disability of the kidney. Rest periods will effect a disappearance of this pigment in the renal tubules.
